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I GENERAL INTRODUCTION
1
Previous to 1914 the world's supply of agricultural potash
came from the Stassfurt deposits in Germany, Table I shows our
importations of potash material for 1S14. All of this import-
ation may be considered as coming from Germany.
The potash in these deposits occurs as the soluble minerals,
Kainite (K2SO4
.
MgSO*
,
MgClg
.
SH^O), Carnallite (KCl
.
MgClg
.
6H3O), and Polyhalite (K2SO4
.
MgSO*
.
SCaSO*
.
SHgO). Mixed
with these minerals are three others which carry no potassium.
They are Halite (NaCl), Kieserite (%S04H30) and Anhydrite
(CaS04). The material is removed from the ground by shaft mining;
and the potassium is obtained in a commercially pure state by
simple methods of crystallization. The production and marketing
is completely controlled by the Kali Syndicate, which is itself
a government subsidiary. Until the exploration of similar form-
ations in Alsace, most of which has been done since 1914, no
deposits were known which possessed such natural and commercial
advantages. Their skillful exploitation has made it possible
to meet and, in most cases, to crush all competition.
The abrupt decline in the importation of potassium material
from 266,150 tons KgO in 1914 to 86,380 tons in 1915 (1), and
then to almost nothing in 1916 created, in America, what appeared
then to be a very grave economic problem. It was impossible to
predict when relief might be expected, at the same time the
necessity of supplying, as soon as possible, the demand for potas::
for agricultural purposes was fully realized. The rise in price
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from $46 per ton KgO in 1914 to ^351 in 1913 (1) made available
sources of supply in this country which were not workable before
due to excessive cost of production. The net result was, there-
fore, the opening up of a number of new sources of potash as well
as a marked increase in the activity of producers whose plants
were already in operation. Although many of the projects that
have been entered upon have not been successful, a fair proport-
ion seem certain to continue as profitable enterprises. Some of
the sources that have been developed, especially those in which
potassium is recovered as a by-product, were entirely new and un-
anticipated and would never have been discovered except under
the stimulation of the high prices that have prevailed. Although
the details regarding the nature and methods of recovery in each
of the producing and prospective sources are interesting, all
that is in order here is a brief enumeration, together with a
statement as to their possibilities and limitations. Table II
gives the data on production of potash in the United States in
191B.
The saline lakes (3) (4), as will be noted from Table II,
are yielding over three-fourths of the production of the United
States at the present time. Operations are being carried on
principally in two localities, one in northwestern Nebraska, and
the other on Searles Lake in California,
The Nebraska deposits (3) consist in brine soaked sands
which underlie the hard-pan at the bottom of shallow lakes. The
brines contain from two to fourteen percent solids of which
eight to thirty-six percent is potassium material calculated as
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5KgO, The pumping and evaporating operations neoesfiary to recover
the potash have not presented any great difficulty. The salt
mixture obtained by direct evaporation of the brine is suitable,
without further treatment, for use as fertilizer. To arrive at
some conclusion as to the amount of material which this locality
may be expected to yield, the results of a survey of Jesse Lake
is cited. This lake which is the richest of the group is
estimated to contain 350,000 tons of K2O. This quantity is a
little less than that imported into this country in 1914.
The formation at Searles Lake (4), California, is made up of
a mixture of sodium and potassium carbonate, sulphate, and chlor-
ide, and some borax intermingled with more or less earthy
material. The potash content is usually less than five percent,
which suggests at onoe that the recovery of concentrated potassium
salts is going to be expensive. Note also the additional fact
that heavy transportation oha^rges will have to be added to the
cost of production, if material from this source is to be market-
ed in the central or eastern states. The advantages claimed for
these deposits are the almost unlimited supply of raw material,
and the possibility of large scale production.
Kelp (5), according to the statistics given in Table II,
ranked second in quantity of production in 1S18, Eighteen pro-
ducers, all on the Pacific Coast were operating on this material.
Among this number special reference should be m.ade to the opera-
tions of the Hercules Powder Company (6), which is recovering
iodine, calcium acetate, plastic material, filter carbon and a
number of organic esters, along with potassium chloride of

ninety-five percent purity.
The kelp potash situation may be sumiriarized in a few state-
ments. Raw material is available only along the Pacific Coast,
and there only in limited amount. Efforts to transplant to the
Atlantic Coast have been unsuccessful. Harvesting has presented
some difficulties which have, however, been quite completely over-
come. Recovery of the potash is inherently expensive due to the
large amount of waiter which must be evaporated. The problem of
marketing is the same as that for material from Searles Lake.
The possibility for elaborate by-producting processes such as work
ed out by the Hercules Powder Company speak in favor of the
industry.
Alunite (7), the basic potassium aluminium sulphate, (KgSO^ ,
AIsSOa , 4A1(0H)3), though not producing as much potash as some
other sources is to be regarded as of considerable importance due
to its possibilities of development. Considerable quantities of
this material have been located by the United States Geological
Survey, in the neighborhood of Marysvale, Utah (s). The average
potash content of alunite is ten percent. It may be recovered
as commercially pure potassium sulphate by simply grinding,
igniting at 1000®, and leaching. The residue remaining after
leaching consists of fairly pure and finely divided Alurrdna. Its
utilization as a by-product may become an iir^portant factor in the
successful development of an alunite industry. It would seem
that the principal reason why alunite has not been more extens-
ively worked is that the deposits are inaccessible.
Molasses and distillery waste may be passed by with the

simple statement that their dependence upon the sugar industry
makes then incapable of great exteneionir.
,
Wood ash (9), though one of the oldest sources of potash,
will continually become less importajit as the supply of hard wood
diminishes.
Blast furnace dust as a starting point for potash product ioi^
a suggestion that has been followed quite energetically in
England (10), has also been the subject of some discussion in
America and has been taken up in considerable detail by R, J,
Wysor of the Bethlehem Steel Company (ll). The theory involved
is simply that the alkalies which enter the blast furnace with
the charge are volatilized and carried out with the exit gases
from which they may be recovered by dust precipitating operations
Observations nriade by Wysor indicate that these theories are
practical. Claims have been made (11) that blast furnace dust
might be developed in such a way as to supply one-third of our
potash requirement. It seems doubtful, however, that such a
claim will ever be realized. Analyses of iron ores (12), fluxes
etc., indicate that the best field of operation in this line
would be on the smelters where Alabama ores are used, since these
ores are characterized by a relatively high potash content.
Potash from cement dust (13) is a subject which has been
given wide-spread publicity, as well as one on which much con-
structive research work has been done. Because of its direct
bearing on the special problem under consideration the subject
will be taken up in some detail.
That potash might become a by-product from portland cement

8manufacture seems first to have been suggested in 1913 by F. G,
Cottrell in an address before the New York meeting of the
American Institute of Mining Engineers. In February of that
year he reported the results of some of his work on the abatement
of the dust nuisance at the Riverside Portland Cement Company
plant, and mentioned incidentally as a matter of interest that
the dust collected contained a considerable amo\mt of soluble
potash. Since that time the idea has been taken up by a number
of cement companies and is now quite fully developed. The River-
side Cement Company of California and the Security Cement Company
of New Jersey have been the most active in working out this by-
product process.
The general theoretical considerations Involved in the pro-
duction of potash from cement are simple. At the temperature
reached in the kiln, the potash which the raw material contains
is volatilized and passes out as a fume with the burned gases.
The dust and fume is precipitated from these gases by 3om.e ap-
propriate means and the potash is leached from it with hot water.
The principal improvements that have been added since the
idea was first taken up have been the use of salt or calcium
fluoride to increase the proportion of potash volatilized (14):
the use of hot instead of cold water in the leaching operation
to break up the insoluble double calcium-potassium sulphate (15);
improvement in the apparatus used in the electrostatic precipi-
tation of the fume (16); and the designing of a type of wet
washer to be used in place of the Cottrell apparatus (17).
The potash content of raw cement material has been investi-

9gated by the United States Department of Agriculture and is re-
ported in its Bulletin No, 572. Their work (18) has oonsisted
in the determination and tabulation of the potash content of the
clays, shales and limestones that are being used by over one
hundred plants throughout the country. The only fact of interest
that has been brought out in this report is that the raw mix now
being used by American cement plants runs quite uniformly below
one percent in potash. No other work seems to have been done
along this line.
It is evident that for any yield of potash from cement manu-
facutre, a reasonable amount of that element must be present in
the raw material. An invest iga.t ion which might leetd to the
discovery of cement material higher in potash than that now in use
would be of value. The problem would have special interest
locally because of lack of proximity to other potash supply, and
because of the fact that the cement industry is well developed in
a number of localities in the State,
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II ILLINOIS SHALES
The shales of Illinois have been under investigation in this
laboratory for some time. In 1916-17 and lS17-ia, T. 0. Westhafei
(19) examined samples from a number of aeposits in different parts
of the State with special reference to their value for oil product-
ion. Along with a number of deposits of inferior material, he
found one which showed, on distillation, a yield of 45.1 gallons
of tar per ton (19), Although this latter shale is to be regard-
ed as of technical interest for its tar yield alone, most of the
samples examined cannot be so considered, and their utilization
would require the discovery of other values in them. If other
values were found to be present, not only would the shales of low
tar yield come into the field of possible technical utilization,
but interest would be added to those of high tar yield as well.
It was not possible for Mr. Westhafer to go into this phase of
the problem and in the fall of 1918 under Professor Parr's direct-
ion it was taken up by the writer as a separate piece of research.
The elements of value which one might hope to find in such
material are very limited. Phosphorus, which has been found in
some western shales (20), is absent in these as was shown by some
preliminary tests. The nature of the material suggests its
possible value for the manufacture of cement or ceramic products,
but since ordinary clays and shales are abundajnt, the shales under
study would need to contain some extraordinary values in order to
have any special advantage. General interest in potash and
especially potash as a by-product in the cement industry directed
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attention toward their potash content. The fact that many of
the shales contained considerable carbonaceous matter, which might
become a fuel factor in the burning of cement, was also considered
As a result of this combination of circumstances the problem has
developed into a general study of potash in Illinois shales.
At the beginning the work was confined quite closely to a
determination of the potash content of the shales, and to thdr
adaptability to cement manufacture. Later, however, shale was
found which contained 5,0 percent of potash (21), Since this
factor is higher than would have been expected in an Illinois
shale (.32), and compares favorably with material that has been
worked primarily for its potash content (23), some experiments
were carried out in the spring of 1913 to determine the type of
chemical combination of the potassium as a prelirr.inary step
towards its possible commercial utilization. The work upto
this point was written up in the spring of 1918 and presented as
a Master's Thesis (21), The present investigation is a continu-
ation of this work in which the distribution of these high potash
shales, and some of their properties and comraerioal possiblities
have been determined.
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III REVIEW OF THE LITERATURE
In the course of a complete review of the literature, record
of little work either practical or scientific has been found
which has any very direct bearing on the problem in hand. The
general subject of potash and potash sources has been thoroughly
treated. To illustrate, the United States Geological Survey has
published over seventy papers on potash from silicate rocks (24),
Most of this work, however, relates to the utilization of feld-
spar and has been of little value to us.
Previous work, the results of which have been used in the pre^
sent investigation will be taken up under the following headings:
1, Potash from cement
3, Specifications for cement material
3, The determination of rock constituents
4, Potash from feldspar
5, Alum shales
6, Spontaneous oxidation of coal pyrite
7, Leucite
8, Glauconite
9, Plant availability of potash material
1. Potash from Cement
Our interest in establishing the value, as cement material,
of the shales which we have studied occasions the following sum-
mary of the earlier work on potash and cement
.
Reference has already been made (18 ) to the work of Ross,
Merz and Wagner, who studied the potash content of 113 American
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cements and the raw mixtures from v/hich they were made. They
found that the average potash content of these raw mixtures ran
quite uniformily under one percent and that on the average 47
percent of this potash was volatilized in the cement burning pro-
cess. H, E, Brown (35) has patented processes for the utilizat-
ion of feldspar, or other high potash material, in cement manu-
facture. Recent literature contains a number of references to
the possibility of increasing the yield of potash from cement
by using high potash shale, clay, or feldspar.
The Security Cement and Lime Company (36) has increased the
proportion of potash volatilized in its kilns from 38 to 65 per-
cent of the total in the raw mix by the use of one percent of
common salt. Huber, Reath and Treavor (37) use fluorspar, which
aids in the volatilization of the potassium from the raw mix by
forming the more volatile potassium fluoride. When the gases
cool off on leaving the kiln the potassium fluoride reacts again
with the calcium salts which are also present in the dust in such
a way as to reform the calcium fluoride and leave the potassium
in a soluble condition. In the leaching operation the calcium
fluoride which is insoluble remains in the sludge and is returned
again to the kilns. This process is said to be in operation at
the plant of the Riverside Portland Cement Company. It has been
the experience of all of the cement plants that have given
attention to the matter, that hard burning or burning at a high
temperature increases the amount of potash volatilized. Aside
from the improvements mentioned at^ove, no change in the cement
making operation is necessary in order to insure the presence of
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most of the potash in the fume passing from the kilns,
F. G, Cottrell (38) in 1913, as has been previously noted,
was the first to attempt the precipitation of the fume from
cement plants. His method^ which has been successful from the
beginning^consists in the application of his now well-known
system of electrostatic precipitation. The apparatus which he
used at that time consisted of a group of vertical tubes down
through the center of which wires were suspended. By means of
transformers and mechanical rectifiers a direct current potential
of 30,000 to 30,000 volts was maintained between the wires and
the tubes. As the fume containing gas was conducted up through
these tubes, the solid particles were thrown to the walls by
reason of the electrostatic con:iitions existing there. By jar-
ring of the tubes, and by cutting off the potential, the dust was
made to fall down into collecting bins. J. J, Porter (39) re-
ports an improvement which has been added to the apparatus which
is in use at the plant of the Security Cement and Lime Company.
At this plant a film of water is caused to flow down over the
electrodes. This water carries the dust away continually and
effects the solution of most of the potash at the same time. By
bringing the water back over the elctrodes several times a fairly
concentrated solution is obtained. Porter also suggests the use
of a preliminary settling chamber in which most of the coarser
dust is removed. In this way a product of higher potash content
is obtained from the precipitators, 7/here water film electrodes
such as described above are used, the sludge which collects is
digested at one hundred pounds steampressure in order to remove
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the potassium salts which it still contains. The reason for
this latter operation will be considered further on, J, G. Dean
(17) describes an interesting experimental plant that is being
tried out at the Viotorville, California, plant of the South-
western Portland Cement Company. It is well known xhat an
ordinary spray/s^not effective in removing finely divided suspend-
ed matter from gases. In this process the gases from the kiln
are saturated with water vapor and then cooled until a mist is
formed. The dust particles act as nuclei and must, therefore,
be carried down with the mist. The heat which must be extracted
from the gases before the moisture will condense is used in the
concentration of the potash solution. For this purpose a sort
of vacuum evaporator is used in which the hot gases are passed
through tubes surrounded by a solution which is boiling under
vacuum.
Nestell and Anderson (15) have investigated the nature of
cement mill potash. They were led to look into this matter
because of the fact that certain concerns were having difficulty
in obtaining as much potash as they should from the dusts that
they collected. They found that the potassium extracted is
practically in the form of the sulphate, but that in some cases,
where coal is used as fuel, that a double calcium potassium sul-
phate is formed which is insoluble in cold water. Hot water
has been found to break up this double salt and is required,
therefore, in the efficient extraction of the potash from the dust
3. Specifications for Cement Material
A. V. Bleininger (23) has summari25ed in a concise manner the
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general specifications which cement shales must itieet. He con-
eiders the oheiTiical composition of the clays or shales from the
following standpoints:
1. Ratio between the percentage of silica and alumina
2. Magnesia
3. Ferric oxide
4 . Sulphur
5 Alkalies
6 Inert mineral matter
The silica-alumina ratio in a cement mix is to he regarded
as an important factor. The analysis of a number of good
American cements shov;s that their average silica-alumina ratio is
2.9, The allowable limits have been set at 2,5 to 3.5, This
factor is of course dependent upon the composition of the lime-
stone as well as the olay that is to be used, but since most
limestone is fairly pure it can be said with fair assurance that
a shale with a ratio falling within these limits would be satis-
factory.
The magnesia content in a finished cement ought not to be
higher than three percent. Since this factor may run up rather
high in the limestone, it should be low in the shale as a general
rule.
Ferric oxide in a cement shale is desirable, since it pro-
motes vitrification. Six to eight percent is not objectionable.
Sulphur is objectionable and should not be allov/ed to run
beyond three percent in the finished cement. Since the fuel
and the gypsum both contribute to the sulphur in the final pro-
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duct, its presence in the shale should be in limited amount.
Alkalies cannot be considered objectionable since they act
as a flux and lower the burning temperature.
"Inert mineral content" is the term applied to the percent-
age by weight of the residue which remains behind after the un-
ground clay is intimately mixed with eight times its v/eight of
calcium carbonate, heated to bright red heat, cooled, treated
successively with hot hydrochloric acid and sodium carbonate sol-
utions, and the residues finally washed thoroughly with a weak
acid solution, and ignited. This process closely imitates the
cement burning process and the residue is a measure of the amount
of material which is too coarse to be attacked by the limestone.
It is noted that in the case of shales the material will usually
be 80 fine grained as not to leave an appreciable residue.
The principal physical property that should be possessed by
a cement shale is a sufficiently fine grained and soft texture
as to be easily ground.
Shales in particular, according to Bleininger, are as a
class desirable for cement manufacture providing their chemical
composition conies within the allowable limits. Table III gives
the analysis of nine Illinois shales, most of which axe suitable
for cement making purposes.
3, The Separation and Identification of Rock Constituents
Since the first element in the problem of the utilization
of these shales would seem to be the determination of their
mineral constitution, what little literature has been found re-
lating to this subject is given here.
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Hlllebrand in his treatise "The Analysis of Silicate and
Carbonate Rocks" enumerates the following methods for the separa-
tion and identification of rock mixtures; Panning, upward flow
of water, heavy solutions, magnetic susceptibility, and micro-
scopic examination. He does not go into detail, and no other
work has been found which gives a systematic method which is
applicable to the shales under study.
The rational analysis for clay substance, feldspar and free
silica as outlined by Mellor, "Treatise on Quajit itative Inorganic
Analysis" has been applied although the results which it gives
are of doubtful significance.
Without reference to other work a number of determinations
on relative solubility in acids have been carried out,
4, Potash from Feldspar
Although the material in hand is certainly not all feld-
spathic and more likely contains but a small amount of feldspar,
the enormous amount of work that has been published on potash
from this source might be expected to yield some valuable suggest-
ions. Since the feldspars are the most refractory of the potas-
sium minerals, one might expect that reagents which would attack
them would also attack material such as shales. An additional
reason for referring to the work on feldspar is that the shales
which we have studied probably do contain smaller or larger
amounts of this mineral.
No attempt is made here "to cover all or even a small part
of the work that will be found in the literature on potash from

20
feldspar. We are simply citing a sufficient numlDer of references
to indicate the general methods of attack that have been used.
The first general method to be considered is that in which
the rook is heated with limestone and either a chloride, sulphate,
fluoride or some other substance that will form a readily soluble
alkali salt. It will be noted that this is the principle in-
volved in the well known method of J. Lawrence Smith for obtain-
ing total potash in silicate rooks,
F. 0, v/ard and F. Wynant (30) as early as 1857 proposed a
method using feldspar, fluorite and chalk,
Rodin (31) was one of the first to propose the use of salt,
limestone and feldspar.
Cushman and Coggesshall (32) have devised a method using
feldspar, lime and salt which is said to give a product contain-
ing as much soluble potash as wood ashes. They mix 100 parts
of feldspar rock with 30 parts of lime, and 30 parts of rock
salt, and form the powder into small pellets by spraying a solu-
tion of calcium chloride on to the powder as it is being rolled
in a revolving drum. About 20 parts of calcium chloride per
100 parts of feldspar is added in this pellet forming operation.
The calcium chloride reacts v/ith the lime to form an oxy-chlor id(!
which acts as a cementing material in forming the pellets. These
pellets are then heated at a temperature of from 700 to 900
degrees in a rotary kiln such as used in the burning of cement.
Fifty-five percent of the potash in the feldspar is said to be
made soluble in this way. It is claimed that by this pelleting
operation a sort of colloidal condition which exists in such a
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mass of finely powdered material is overcome and that all of the
particles are brought into intimate contact. It is also claimed
that the calcium oxychloride is more easily dissociated than
calcium chloride alone and is mov?. effective in converting the
potassium into the chloride. They have carried out the operatiorf
in lots of several tons and have tried out their product as fer-
tilizer. However, the process does not seem to have been develojff-
ed on a comiriercial scale, and, even if their claims are correct,
is probable to be regarded as too expensive even under existing
conditions of the potash market.
Cowles (33) describes a procesc which he has devised in .
which coal is added to a mixture similar to that described above
and claims in that way to be able to liberate the potash.
Hart (34), Friedenburg (35), Quinney (36) and others proposed
similar methods,
Metl^.ods in which the potash is recovered by volatilization
seem to be so closely linked up with the work done along that
line in connection with cement manufacture as to require no
further discussion. A, J. Sv/ayze (37) however, has patented a
method which it would seem is capable of developrrent . He pro-
poses using feldspar, limestone and coke in a furnace similar to
the blast furnace. The potash which is volatilized is precipi-
tated from the exit gases. The temperature used is high enough
to melt the charge and convert it into a slag which is drawn off,
granulated in water and ground for cement. If such a process is
practical from other standpoints it is to be noted that, since
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conjplete fusion io brough about the raw materials would not have
to be ground so fine as that required in the ordinary methods of
ceoient manufacture.
Quite a little work has been dene in studying the actions
of lime under steam pressure on feldspars and other silicates,
C. F. Hagedorn (38), C. H. MacClure (39), T. R, Ernest (40),
W. H. Williams (41 ), A. W. Beerner (42) and F. L. Roman (43) all
working in this laboratory have developed a number of phases of
the problem. The first four workers mentioned above were inter-
ested primarily in the theoretical and practical aspects of the
subject as it is related to the manufacture of sand-lime brick,
Mr, Roman (43) was the only one taking part in this work to
give attention to the extraction of potash by this method. He
found that by heating a mixture of equal parts of lime and feld-
spar for five hours at from 35 to 33 atmospheres steam pressure
he could obtain thirty-five percent of the potash in the feldspar
in soluble form.
Perhaps a more significant fact that has been discovered by
these men is that when an attempt is made to cause lime and a
silicate to react in this way, a sort of a capsule of a calcium
aluminium silicate forms around the particles which seems to
greatly inliibit the completion of the reactions,
William H. Ross (44) studied the action of lime on feldspar
and obtained complete decomposition by heating equal paxts of
lime and feldspar in a metal bomb at 300° C. This temperature
corresponds to a pressure o:^ninety atmospheres, which is obvious-
ly higher than could be used in autoclaves on a commercial basis.
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Rose also found that, using a i.r.ixture of one part of feldspar
to 1.7 parts of lime at ten atmospheres, eig-hty-five percent
extraction oould be obtained. The addition of calcium sulphate,
nitra.te or chloride ana to a less extent sodium chloride increased
the percent of potash extracted. When these salts were used the
potassium was liberetted as the corresponding salt, whereas if
lime along was used the potash was obtained as the hydroxide.
5. Alum Shales
The alum shales which have been used in former tirr.es as a
source of material for the manufacture of aluminium sulphate have
a bearing on this work since they seem to be identical in charact-
er with those under study. They are described as bituminous
shales of the Silurian or Devonian formation containing finely
divided iron pyrite.
Unfortunately little work either practical or scientific
has been done on this type of material. Large books on inorganic
chemistry, such as Roscoe and Schorlemmer describe the process
used for obtaining aluminium sulphate from, them, but give no
details and treat the subject mainly for its historical interest.
The method for working the shale was first to dig it out, pile
it in heaps and expose it to the weather. In the course of a
few months the pjrrite was more or less completely oxidized to
ferrous sulphate and sulphuric acid, both of which reagents attaclf
ed the shale in such a way as to yield aluminium sulphate. This
aluminium sulphate was leached out and crystallized as an alum.
In earlier times ELmmoniura compounds were used to form the alum
biit later potassium sulphate came into use for this purpose.
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It is to be noted that the process was one for the manufacture of
aluminium sulphate and that the potassium sulphate was obtained
from other sources and used simply to bring about the crystal-
lizations of the less soluble potash alum. No mention is made of
the fact that the shales might have contained some potassium which
would undoubtedly be made soluble and appear along with the alum-
inium in the final product,
6, Spontaneous Oxidation of Coal Pyrites
The possibility of oxidizing to ferrous Bulphate and sulphur-
ic acid, the pyritic sulphur known to be present in many of the
shales under study and to utilize these reag:ents to effect the
decomposition of the shale had occured to us, even before we had
referred to the discussion on alum shales. Unfortunately no
rapid method for oxidizing: pyrite to the sulphates was known which
could be applied experimentally to the shales. The only suggest-
ions came through observations that have been made on the behavior
of coal pyrite.
It is a fact quite comnonly observed that coal piled in
the open may become covered with a coating of white ferrous sul-
phate. The conditions which promote this reaction are net known.
Professor Parr (45) has called attention to the fact that there
is a marked tendency toward oxidation of pyrite even in coals
contained in tightly stoppered sample bottles. One case is cited
where a considerable quantity of ferrous sulphate was found in the
bottom of a bottle in which a finely ground sample of coal had
been contained for eight or ten months. Moisture seems to pro-
mote the oxidation, and the reaction also seems to proceed quite
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rapidly after once started. Beyond this nothing is known which
would indicate a method for bringing about the oxidation except
by a weathering process.
7, Leucite
Leucite is an Igneous rock which whenpure is found to have
the foriEula KAlCSiOa)^. It is found in lava flows where there
is less silica present than would be required to form an orthoclas
feldspar. Large deposits of the mineral occur in the Vesuvious
district and deposits of considerable extent have now been located
in this country (50). From the igneous origin of leucite it is
evident that it oould not occur as such in a shale that had under-
gone decomposition. The fact that it is more easily decomposed
than feldspar and that for this reason quite a little work has
been done in attempting to extract potash from it, makes it
necessary to refer to some of this work here,
A. H, Rogers (51) has gone over most of the work that have
been proposed for the utilization of leucite and has repeated
quite a little of it in connection with some government investi-
gations. He summarizes the properties of the mineral as follows:
1. In contrast to feldspar, leucite is easily decomposed.
2. When decomposed by wet acids, it yields its silica in
granular form, differing in this respect from most sili-
cates
.
3. Sulphuric acid with a little hydrochloric acid completely
dissolves the bases, but the salt mixture thus obtained
is very difficult to separate.
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4, Lime and gypsum gave a quantitative extraction of potas-
sium sulphate,
5, IJnaer just the right conditions lime may be used to take
practically all of the potassium and aluminium into solu-
tionand leave the other metallic impurities in insoluble
form. For this purpose the lime in proper proportion is
mixed with the powdered leucite and the mixture heated in
a cement kiln. The potash and aluminum can be leached
from the ground clinker in a practically pure condition.
The alumina can be precipitated from this solution either
by passing in carbon dioxide or by a sort of catalytic
method in which the aluminate is decorposed by the additi-
on of alumina.
6, Extraction of potash from leucite is not practical unless
it is possible to recover a by-product such as alumina,
8. Greensand
Greensand is a potasnium bearing mineral occurring in con-
siderable quantity in iffew Jersey and in seme of the other eastern
states (23). The mineral iSX) is the potassium iron silicate
known as Glanconite, but is never found in a pure condition. The
material has attracted attentior/as a source of potash because it
contains about seven percent of that constituent. It is not so
refractory as feldspar, is fairly widely distributed along the
Atlantic Coast and is easily mined. Two distinct methods of at-
tack which might prove applicable to the shales have been found
in the course of a review of the literature relating to greensand.
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These suggestions are that such niarerial may be of value when
applied dirsctly as fertilizer or that it may be attaoked by lime
in such a way as to bring the potash into solution.
A, Plant availability of greensand
R. H, True and F, W, Geise (46) have reviewed the literature
relating to the value of greensand when applied directly as a
fertilizer and also report the results of some of their own work.
According to these authors greensand was used as a fertilizer over
one hundred years ago, and was applied quite extensively about the
time of the Civil war. However, a little or none has been used ir
late years.
True and Geise tried greensand as a source of potassium for
the fertilization of clover and wheat growing in sand and fed by
a standard plant food solution made up of potassium dihydrogen
phosphate, calcium nitrate and magnesium sulphate. They coniMude
that plants are able to obtain potash from raw ground greensand.
J. G. Lipman and A. W. Blair (42) report results similar to
those obtained above. They found that the results were less
marked where an impure greensand was used.
B. Action of lime on greensand
W. H, Charlton (48) has used lime under pressure to obtain
potash from greensand. He has found the material much less
resistant than feldspar toward lime and has been able to get seven-
ty to eighty percent extraction by heating at 300 to 350 pounds
pressure for from two to four hours. He proposes to use the
residue from which the potash has been leached as a binder for
I
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sand lime brick.
Very recently an account has been published (49) of the
activities of the Eastern Potash Corporation of New York. This
corporation is erecting a large plant on the Raritan River Canal
near New Brunswick, designed apparently to operate under the
patents of W. H, Charlton. They expect to handle 1000 tons of
greensand a day and produce 20,000 tons of potash and 600,000 ton
of residue per year. They are constructing the largest lime
plant in the world which comprises ten 3 x 135 rotary kilns which
will have a capacity of 1000 tons of lime per day. The company
is also intending to use its residues in the manufacture of sand
lime brick and is constructing a plant for this purpose. They
intend to make 1000,000 brick per day. The plant is now (April
23, 1920) sixty percent completed and is expected uo be in oper-
ation in the early fall,
9. Plant Availability of Potash Materials.
For some time past E. E. DeTurk (52) working with Professor
Stewart has been carrying on am investigation in which he has
studied the relative plant availability of potash material, such
as orthoolase, microcline, leucite, alunite, muscovite, and
lepedollte. Mr, DeTurk has been particularly interested in de-
termining the effect of decaying organic matter, such as hay, al-
falfa, and manure on the solubility if these minerals. This
work has shown that some relatively insoluble minerals, leucite
for example, are quite effective as potash fertilizers. In
conjunction with this work, Pxfessor Stewart, on learning of
the shales that had come to light as a result of this invest!-
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gation, asked that he be furnished with some of the shale for
the purpose of comparing its value as a potash fertilizer with
the other materials that they had used. The material was furnish-
ed and the tests carried out. The results are as yet unpublished,
but it may be said that they are very interesting and invited a
continuation of the work, usin?^ similar experimental methods.
With the cooperation of the Department of Ag;ronomy we have carried
the work on just a little farther in an effort to explain the
peculiar results obtained by Professor Stewart.
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IV EXPERIMENTAL
The differ enct phases of the experimental work carried out
in the course of this study will be treated in approximately the
following order:
1. Samples
2. Analytical wethoda
3. Cement making possibilities of Illinois shales
4. Data relating to the constitution of Southern
Illinois and Dixon shale a,nd their relative stability
as compared with feldspar
5. The action of various solid reagents on the shales
6. The action of various liquid reagents other than
milk of lime
7. The action of lime under steam pressure on Southern
Illinois shales
8. Plant availability of potassium in treated and un-
treated shale
1. Samples
The samples of shale used in this work were, unless other-
wise stated, obtained through the Illinois State Geological Sur-
vey. Samples Nos. 1, 3, 3 and 4 were taken by F. Vt , DeWolf in
the fall of 1918. It is not known who collected sample Wo. 5.
Samples Nos. 3, 7, 8, 9 and 13 were taken by T. E. Savage in the
sumn;er and fall of 1919. Samples Nos. 10 and 11 were taken by
E, A. Holbrook about January, 1917. Samples Nos. 102, 106, 107,
114, 115 and 116 were collected in 1917 and 1918 for Mr. Westhafer
and designated by him as Nos. 3, 6, 7, 14, 15 and 16 (19).
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Sa.mple8 Nos
. 1, 2, 3, 4, 6, 7, 10, 11 and 12 were taken on
Caney Creek in Union County on the farm owned by H. C. Grear. The
deposit is located south of the railroad track and three miles
N. W. of jonesboro, in S. W. 1/4, Sec. 11, T 12 S, R 3 W, 3rd P.
M. on N, W. bank of this creek eoing S, W, These samples will
be referred to hereafter as from the Caney Creek deposit,
Plate I shows the localities from which the shales were
obtained,
Plate II shows the appearance of the best outcrop on Caney
Creek. These photographs were taken by the author, who inspect-
ed the deposits at Caney Creek and State Pond in the spring of
1920.
Sample No. 1. About 5 pounds taken on Caney Creek represent
the top 4 feet of greenish gray shale. It is iraniediately under
four feet of limestone and is probably not commercially available
in great amount.
Sample No, 2. About 5 pounds represents the bottom 4 feet
of the same shale body as No. 1,
Sample No, 3, About 5 pounds represents the bottom 2 feet
of the black paper shale on Caney Creek at the only spots where
it is obtainable comparatively freah and clean.
Sample No, 4, About 12 pounds in quartered from 35 pounds
representing 8 feet of shale next above No, 3, It is badly
weathered. Samples No. 3 and 4 are from the same section as No.
10, taken previously by Holbrook and sample No. 6 taken by Savage.

PLATE I
MAP OF ILLINOIS SHOWING LOCALITIES FROM WHICH SHALE SAMPLES
V/EKE TAKEN

PLATE II
PHOTOGRAPHS OF SHALE OUTCROP ON CANEY CREEK
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Sample No, 5. About eight ounces is a green sandy shale
said by DeWolf to have been sent from near Dixon, Illinois, for
examination as to potash and phosphorus content.
Sample No. 6, About 90 pounds represents the basal 8 feet
of the black shale on Caney Creek,
Sample No. 7. About 80 pounds represents the section for
13 feet above that sampled in No, 6, The m.aterial is badly
weathered.
Sample No, 8, About 50 pounds was taken from the lower 20
feet of a black shale formation outcropping near State Pond and
about two miles north-west of Jonesboro, In that which follows,
this deposit will be spoken of as the State Pont deposit.
Sample No, 9. About 40 pounds is taken from the upper 30
feet of black shale deposit, 1/2 mile S, V/. of Mountain Glenn,
and is to be referred to as from the Mountain Glenn deposit.
Sample No, 10, About 40 pounds is a section of the lower
10 feet of the deposit on Caney Creek, It, with sample No, 11
which follows, constitute the first sample that has been taken of
this deposit.
Sample No. 11. About 40 pounds taken from the upper 25 feet
above that represented by sample No. 10.
Sample No. 12. About 35 pounds ta.ken from the upper 15
feet of the black shale on Caney Creek about 15 rods east of the
point where sample Nos. 6 and 7 were taken.
Sample No. 102, Taken in Schuyler County in the S. W, 1/4,
Sec, 33, T 2 W, R 1 W. Two feet of carbonaceous shale above
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coal Uo. 5.
Sample No. 105, Sample of cannel coal or oil shale taken
in Johnson County, N. W. 1/4, Sec. 35, T 11 S, R 4 E, Forty-
two inch bed samples at outcrop.
Sample No. 107, The same as No, 106, except that it was
taken by sampling a twenty-ton pile that had been mined and
dumped beside the outcrop.
Sample No. 114. Taken in Moultrie County near Lovington.
Black roof slate from top of Coal No. 6,
Sample No, 115, Sample taken from new shaft in same
locality as No. 107, In this case a 1500-pound sample was taken
about 1/4 mile from the outcrop.
Sample No. 116. Shale from a slag diimp at a mine at
Lincoln, Illinois. This sample was furnished Mr. Westhafer by
a student, Ralph Gale. A more exact description is not avail-
able.
2. Analytical Methods
The analytical work involved in the carrying out of this re-
search has been unusually difficult. The determination of pota^
in the shales themselves has called for a modification of the
procedure that is usually applied to such material. Complete
rock analyses, in so far as such have been made, have also been
carried out in a manner slightly different from the ordinary.
Various solutions and solid' products have had to be analyzed and
have each required special, and often time consuming, procedures
in order that the results be fairly reliable. In the analysis
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of these solutions and other products, it has not been possible to
verify their accuracy experimentally. Every precaution has been
taken to eliminate error which might arise from elements and con-
ditions known to exist in these products, but beyond this, results
which looked reasonable were assumed to be correct. Determinatior
were made in duplicate, except in a few oases which will be noted.
In practically all oases, duplicates checked within five
percent. Where greater variation then this ocoured, redetermin-
ations were made.
Qualitative tests for potassium were of no value since the
element was always present in more than traces, yet never in
large amounts.
The reagents used were Baker's Analyzed Chemicals, or others
of equivalent grade and were usually obtained in the original un-
opened bottles. Except in cases where a blank is ordinarily run
with an analysis or where observati(m leads us to suspect the
purity of reagents, they were assumed to be pure enough for our
purposes.
The following is an outline of our analytical procedure:
(a) Moisture and Ignition Loss
A five gram sample contained in an eight centimeter porcelain
milk dish was dried at 105-110'* for one hour. The loss was con-
sidered as free moisture. For ignition loss the dried sample was
heated in the milk dish until all of the carbon had been burned
away. The heating was gentle at first, but finally the bottom
of the dish was brought to a low read heat, A few samples were
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heated to constant weight, but we were soon able to tell by the
disappearance of the carbon when the ignition was complete. The
shale was stirred from time to time v/ith a Nichrome wire.
The reason for using the five-gram sample was that sufficient
ash was desired on which to run further analyses. To check up on
the accuracy obtainable from such a procedure, a one-gram sample
was ignited in an ashing dish. The percent of ash was found to
be the same whether the smaller or larger sample was used,
(b) Potash and Soda
In the first of our work we were interested in the residues
from the distillation of oil shales and for that reason we ashSd
down these shales by the method described and then conducted the
total potash determinations on the ash. Later when working on
shales which were only slightly caJbonaceous, we attempted to use
the raw shale in these determinations. However, the reducing
action of the organic matter which was present in practically all
of our material seemed to cause fusion of the J. Lawrence Smith
charge. This made it stick to the crucibles and left it in such
a condition as to disintegrate very slowly. We went back, there-
fore, to our old method of using the ash instead of the raw shale
and used the ash factor to calculate the percent of potash in the
raw material.
The actual determinations as has been indicated were made by
the J. Lawrence Smith method. All of the precautions were
observed. Platinum crucibles" of the ordinary form were used for
ointering the sample with calcium carbonate. Berlin porcelain
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casseroles were used where the solution is firr.t evaporated to
dryness and the amonium salts axe driven off. Berlin porcelain
evaporating dishes about nine centimeters in diaineter were used
to receive the solution of the pure chlorides. The precipitation
with chlorplatinic acid and the subsequent operations including
the final weighing were carried otit in these dishes. Wells (53)
and others working in this laboratory have found this method of
handling the toxal chlorides quite satisfactory,
Chlorplatinic acid was used in obtaining all of the total
potash factors for the shales, and was also used in most of the
other determinations. Where perchloric acid was used the fact
will be noted and the method of using it will be described.
In order to check our accuracy in these potash determinations
a Bureau of Standards sample of shale was obtained from the
Department of Analytical Chemistry, It was analyzed at xwo
different times, using two different lots of chlorplatinic acid,
which were made up for this work. Analyses were:
Bureau of Standards Ist Analysis 2nd Analysis
1.15 1.13 1.11
Soda was calculated by difference from the weight of the
total chlorides and the weight of potassium chloride known to be
present
.
(c) Silica
Silica was determined by the ordinary method of fusion with
sodium carbonate and dehydration of the silicic acid by evapor-
ation with hydrochloric acid. The recominenlat ion by Hillebrand

39
(54) tbat the solution be araporated a second time after the main
part of the silica had been filtered off was not ooserved. The
volatilization of the silica by means of hydrofluoric acid was
always carried out and the correction for non-volatile residue
always applied.
(d) Ferric Oxide and Aluminia
Ferric oxide and alumina were separated from the solution
from which the silica had been filtered by first adding to this
solution a few drops of bromine water and then adding it to an
excess of dilute ammonia , The first precipitate of iron and
aluminiurr hydroxides was dissolved in nitric acid and reprecip-
itated in the manner described above. In jgniting the second
precipitate the ordinary precautions were observed regarding
completeness, reduction, etc.
Ferric oxide in this precipitate was determined by dissolv-
ing it with fused sodium pyrosulphate, then reducing in slightly
sulphuric acid solution with twenty mesh zinc and titration with
tenth normal potassium permanganate.
(e) Calcium Oxide
Calcium was precipitated as oxalate in the filtrate from the
iron and aluminia. Since the amount of calcium always was
small, only one precipitation was made and the calcium was deter-
mined simply by dissolving this pracipitate in hot dilute
sulphuric acid, and titrating with tenth normal potassium perman-
ganate.
(f ) Magnesia
To obtain the magnesia the filtrate from the calcium oxalate
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was acidified, concentrated somewhat, and then the magnesium was
precipitated by means of sodium ammonium hydrogen phosphate. The
ordinary precautions regarding the stirring, addition of ammonia
and concentration of ammonia in the final solution were observed.
Care was also taken to wash the precipitate with ammonium nitrate
solution and to ignite it in the proper way.
(g) Sulphate Sulphur, Pyritio Sulphur and Nitrogen
These factors were determined on a few samples. The method
of obtaining them will be taken up later,
3. Oem.ent making possibilities of Illinois shales
In considering the shales which we have examined for their
cement making possibilities, we have relied principally on their
chemical analysis and general physical character as compared with
that which a cement shale should have. In drawing our conclu-
sions, we have been guided by the discussion of cement material
by A. V. Bleininger (33), which has been taken up in our review
of the literature.
Table IV gives the analyses of Illinois shales which we have
made. Table V gives the silica-alumina ratio, the calculated
percentage of potash in the raw mix such as would have to be made
for these shales, and the estimated amount of potash recoverable
per barrel of cement,
?;e have arrived at the percentages of potash in the raw mix
by using a simple formula for finished cernent proposed by
Mlchallis (55) and said by Bleininger (22) and Meade (57) to
approximate fairly closely the compositions obtained in practice.
i
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TABLE IV
Analysis of Illinois Shales*
No. Ash SiOs AI2O3 FesOa CaO MgO KaO NagO
103 75.0 3.6 0.8
106 38.5 60.0 22.6 9.6 1.6 0.9 3.4 0.4
107 43.8 60.1 23.3 9.6 0.7 0.9 2.4 0.4
114 66.5 59.0 18.7 5.7 4,9 0.9 3.1 1.4
115 39.0 60.3 32.6 11.8 0.4 0.8 2.5 0.4
lis 85.0 54.8 19.9 7.7 4.0 3.3 3.9 1.2
1 96.9 2,9
3 97.7 3.5
3 86.2 5.2
4 88.0 5.7
5 97.3 5.8
6 88.1 31.0 20.2 6.6 0,8 3.0 5.65 0.6
7 87.1 63.3 18,7 6.9 0.4 1.7 5.58 0.5
8 89 .1 5.5
9 86.1 5.6
10 87.3 61 .
5
18.7 6.5 0.9 1.8 5.7 0.6
11 85.5 66.0 17.8 6.5 0.2 1.3 5.0 0.7
12 86.0 5.4
The fa
shale
otors
ash as
for SiO
100 pe
2, AlgOg,
rcent
.
etc. are referred to the
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TABLE V
Faooors Relating to the Utilization of Shales as Cement
Material
Lbs
.
KgO per "brl
.
No« SiOs Percent K2O Cement, 66,6%
AI2O3 in Raw Mix Recovery
106 2.65 0.56 2.15
107 2.58 0.55 2.15
114 3.15 0.73 2.93
115 2.87 0.57 2.30
116 2.75 0.99 3.72
6 3.03 1.36 5.46
7 3.37 1.32 5.30
10 3.29 1.40 5.28
11 3.70 1.30 4.50
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li chain s Formula
Percent CaO
Percent SiOa + Percent AlsOa -f Percent FegOs
= 3
We have assumed that a pure limestone is to he used and
that the only loss in burning is due to loss of CO2. The quest-
ion as to whether or not loss of water or other volatile matter
in the shale should be taken into account seems to be taken care
of by the fact that our analyses were made on ignited material.
Since the ratio of calcium carbonate to calcium oxide is 1.73,
the amount of limestone needed in the raw mix per one hundred'
parts of shale would be equal to 3,56 tinies the sum of the per-
centage of silica, ferric oxide and alumina, or
Percent K^O
^
100 x Percent K3O in Shale
in raw mix
^ 3 .56X[Percent {SiO^-j- AI2O3 4 FegOa)]
Assuming that no potash w'-s lost in the burning, the percent
of potash in the final cement would be:
Percent KgO
_
100 x Percent KgO in Shale
in cement "
"ioo 4. 3X [Percent (SiOg t AlsOg FegOg )]
Assuming 66. 6 percent recovery, the vneld of T3otash per
barrel (400- pounds ) of cement would be
:
TT.^ V n 100 X Percent KgO in ShaleLbs. KgO per
=: : ^ ^SS6 x4barrel of cement lOO 3x[PerGent (SiOs-H AlsOa-h FegOs )j
The assumption that 66.6 percent of the total potash in the raw
mix is recoverable is based on the experience of the Riverside
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Portland Cement Company (14),
Samples Kos, 106, 107 and 115 are from Johnson County and
are the ones which Mr, Westhafer found to ha,ve value for their
oil content. The ash factors on these shales are very low and
their potash content is only normal:
No. >Ash KsO
106 38.5 3.4
107 43.8 3.4
115 39.0 3.5
Since the potash content is such as to give the residues
from these shales no special interest, it is not likely that they
will "be used for cement making, except under very special circum-
8ta.nces, The composition of the ash would seem to perm.it its
use for cement manufacture. If these shales were to be distilled
for oil, it is conceivable that the retort residue might be dis-
posed of to good advantage by making cement of it, especially
since there would be no quarrying cost and the carbonaceous
matter remaining in it might become a fuel factor in burning.
R. W. Lesley (55) has recently been granted a patent on a
process for the utilization of oil shales in the manufacture of
cement which embodies essentially the same procedure outlined
above. He has also found that oil shale residues m.ay be used
for cement material. He proposes to distill oil shale in re-
torts heated by the exit gases from the cement kiln, and to use
the fixed gases coming from the shale for heating the kiln.
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Sample No, 114 from Moultrie County is another highly
carbonaceous shale from which Mr, Westhafer has obtained a tar
yield of 13.7 gallons per ton. From its analysis, the residue
could be used for cement. However, it is to be regarded as a
poorer prospect than lOS, 107 and 115, since its potash content
(3.1>) is not materially higher, while its oil factor is very
much lower.
Sample No. 116 is from Logan County and was taken from a slag
dump at a coal mine at Lincoln, It was collected for Mr, V^est-
hafer by a student, Ralph Gale, Both the origin and reliability
of this sample is doubtful. However, its relatively high potash
content and its occurrence at soiue distance from other
samples makes it worth while to report.
Th^ sample with a silica-alumina ratio of 3,75, would give
a raw mix containing almost one percent of potash and would yield,
according to our method of estim.ating, 3.72 pounds of potash per
barrel of cement.
Samples Nos. 1 and 2 are from, an eight foot section of
greenish gray shale lying above the uppermost part of the black
shale on Caney Creek. These samples were received after our
attention had been diverted from the cement making possiblities
of the shales, and since they were of no special interest for thei:
potash content, they were not studied further.
Samples Nos. 5, 8 and 9 were received late in the couree of
this investigation and have not been studied with special refer-
ence to their cement making qualities.
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Sample No, 5 consisted of only a few ounces which was sent
down from Dixon, Illinois, with very little description of its
source. It is said to be from a deposit that has been used for
cement making, but this statement has not been verified. It is
a green sandy friable shale entirely different in character from
the black shales which we have received from the southern part
of the state. Its potash factor (5.8?o} is the highest that we
have found in any shale.
We had made arrangements to be furnished with other samples
from the Dixon quadrangle, but the material did not arrive until
a late date and when it did come no key was furnished which would
give us the source of the samples. We are unable, therefore, to
draw any conclusions as to the value or general distribution of
this type of high potash shale.
Sample No. 8 was taken from an outcrop of black shale at
State Pond, about 3 miles north-west of Jonesboro, The outcrop
is on State land. It is of the same formation as the outcrop on
Caney Creek, which is to be considered fully in our discussion
of samples Nos. 6 and 7. The potash factor (B.S^) and its
general appearance make it seem very probably that it is essent-
ially the same as the material outcropping on Caney Creek and
what is said of the latter material may quite safely be applied
to sample No. 8.
Sample No. 9 consisted of about 40 pounds of black shale
taken from a deposit about one-half mile south-west of Mountain
Glenn. It also seems to be the same formation as that out-crop-
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ing at State Pond and on Caney Creek. All that we have done
with this shale has been to determine its potash factor. This
was found to be 5.6.
The discovery of the outcrops represented by Samples Nos, 8
and 9 has been of some interest to us, since it shows that
material of this kind is more widely distributed than we at first
supposed.
Samples Nos. 3, 4, 6, 7, 10, 11 and 13 are all from various
horizons of the black shale on Caney Creek. Samples Nos, 6 and
7 cover practically the whole thickness of the deposit. They are
best that have been obtained and their composition has been bettei
and more completely determined. We will, therefore, discuss
this deposit as it is represented by these tv/o samples.
Samples Nos. 6 and 7 of about 90 pounds each were taken by
T. E. Savage and represent twenty-two feet of the deposit on
Caney Creek in Union County. Sample No. 6 is from the lower
eight feet and sample No. 7 is from the twelve-foot section next
above sample No. 6. The outcrop is fairly well exposed and
material could be obtained in quantity from it without excessive-
ly high quarrying cost. It is also within thirty rods of the
railroad.
The shale itself is dark brown to black in color with thin
laminations which are so uniform as to make the material appear
almost massive. Microscopic examination of thin sections has
proved the material to be very fine grained. Small vuggs of
pyrite are found scattered through the shale, otherwise it is
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quite homogeneous.
Grinding of the material is fairly eaBily accomplished. By
passing sa.raples of buck wheat size through a Sturtevant roll mill
and then grinding in a ball mill for two hours, a fineness of 300
mesh has been obtained.
The moisture content which is a pertinant factor when coq-
sldering the grinding of such material on a commercial scale, is
certainly low enough so as not to cause difficulty. As we have
received them, the samples have contained 0.6 percent of water.
It is not likely that the fresh un^ep.thered rock would run so high
in moisture as to cause difficulty in grinding operations, as they
are ordinarily carried out In cement manufacture.
The following analyses give the factors which we have
obtained, calculated to the basis of the raw shale as 100 percent.
Note that our analyses were made using the ash as a sample and
that we have calculated the percentages of the mineral constituent;
as they occurred In the original rock by using the ash factor.
It is not to be inferred that the sulphur occurred as sulphate In
the raw shale, but since part of it was converted into sulphate
on ignition and therefore not lost in that operation, it is In-
cluded in the analysis.
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Analysis
No. 6 No 7
Loss on ignition lo ,U
SiOs ftDO .O 00 .U
Al oOo 17 7 T C '2lb .
R ft D ,u
CaO 0.7 0.3
MgO 1.8 1.5
KgO 5.0 4.9
NagO 0.5 0.4
SO3 1.1 0.8
98.3 98.3
The sulphate determination included here Tras made by boil-
ing a one gram sample of the ash with 300 oc. offfve percent
hydrochloric acid for thirty minutes, then filtering and precipi-
tating with barium chloride.
The following reasons are offered for the failure of these
analyses to total up to 100 percent:
We suspected that in the ignition some combined water still
rejoiained with the sample. This had been partially verified by
igniting a one gram sample of the ash very strongly over a blast
lamp. The ash from aample No, 6 showed a loss of l.l/'o. It
cannot be said definitely that part of this loss might not have
beendue to loss of SO3, since only a (qualitative test was used to
determine its presence in the strongly ignited residue. There
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is the further possibility that some of the carbon might have
beer^included in the shale particles and thus escaped oxidation
even after a thorough ignition.
A qualitative test for manganese v/as made by fusing about
one gram of the shale with sodium carbonate and then treating
with nitric acid and lead peroxide, A faint pink coloration
which would indicate only a trace ofmanganese was observed.
Titanium was tested for both by fusion with sodium peroxide
and subsequent acidification with sulphuric acid and by fusion
with potassium pyrosulphate followed by treatment with a little
sulphuric acid and hydrogen peroxide. In both cases a slight
yellow color indicating a trace of titanium was obtained.
The chemical composition of samples Nos. 6 and 7 is such as
to give them silica-alumina ratios of 3,03 and 3,37, respectively.
These ratios are well within the allowable limits which aoard-
ing to Bleininger are 2,5 and 3.5,
The iron and alkali content is such as to give a low burning
mixture.
Magnesia is probably low enough so as not to be objection-
able.
The sulphur content of these shales is high and might
possibly interfere seriously in an attempt to make cement of them,
The sulphur factor does not occur in the analyses given above,
since it is almost entirely- in the pyritic form and would all be
either lost or converted into sulphate on ignition. Analyses
for total sulphur were made on both samples by the Parr peroxide
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bomb method, as it is applied to coal. One-aalf gram samr^les
of shale were mixed with a measure of sodium peroxide, one-half
gram of benzoic acid and one gram of potassium chlorate and fused
in the ordinary way in a peroxide bomb. The fusion was dis-
solved in 300 cc. of water, acidified with dilute HCl and filtered
from a slightly insoluble residue. The sulphur was precipitated
from this solution by barium chloride without removing the iron
or silica. The analyses obtained were:
No. 6 Ho. 7
Percent Sulphur 3.4 3.8
Bleininger points out that sulphur in cement is objection-
able and should not be higher than three percent in the finished
product. When one considers tha sulphur that v/ould be intro-
duced from the fuel and also that usually added as gypsum, there
is a possibility that the sulphur content of a cement made from
these shales would be high. With regard to sulphur in cement,
Meade says that pyrite in the coal is not objectionable, since it
is not taken up by the cement.
The inert mineral content which is a measure of the amount
of material too coarse to react readily with the limestone in the
cement burning process was determined for samples Nos. 6 and 7 by
the method outlined by Bleininger.
One gram of raw shale ground to 100 mesh was mixed thorough-
ly with 8 grams of calcium carbonate by grinding in an agate
mortar, and was then heated in a platin\im crucible for one hour
over a Meker burner. The cintered mass was disintegrated with
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water and treated with dilute hydrochloric acid. In a short
time practically everything had gone into solution. The solut-
ion was decanted through a filter and the residue washed success-
ively with water, 10 percent sodium carhonate solution, anddilute
hydrochloric acid, and was then transferred to the filter, washed
with water, ignited and weighed.
The factors obtained were;
No. 6 No. 7
Percent residue 0.53 0,75
The high^^content of these shales is the feature which makes
them of special interest. We have called attention in our review
of the literature to the fact that the manufacture of cement
affords one of the best methods for recovering potassium from
shales such as the ones under consideration.
The following figures show the advantage which this material
would have over material now being used. The figures for existing
conditions are taken from the work of Ross and others (13), who
studied the raw mix and finished product for over one hundred
cement coiiopanies in the United States.
Av. American Calculated Factors
Plants No. 6 No. 7
Percent KgO in raw mix 0.90 1.36 1.33
Lbs. K2O per barrel, 3^73 5.46 5.30
66.5 percent recovery
These figures show that "if sample No. 6 were to be used for
cement making, there would be a possibility of recovering exactly
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twice as much potash as could now be recovered by the average
cement plant. Taking the price of potash as 15 cents a pound,
which is about what fertilizer salts may be obtained for at the
present time, the value of the potash recoverable from sample No.
6 would amount to 83 cents per barrel of cement.

54
4. Constitution of Southern Illinois shales
The shale from Southern Illinois (Union County, on Caney
Creek) has a potash content of about 5 percent in the raw state.
A product containing 5.6 percent KgO may be obtained by igniting
the shale. The shale from Dixon (Lee County, Northern Illinois)
contains 5.8 percent KgO, but little concentration can be effect-
ed by ignition. Both of these shales compare favorably with the
greenseuias of the East as far as potash content is concerned,
Ashley, Hicks and others (33) have found the potash content of
greensand to be between 5 and 7 percent. We have noted in our
review of the literature that greensand is about to be worked for
its potash content by methods other than those involving the manu-
facture of cement. The following data relating to the constitu-
tion of these shales has been obtained as a preliminary step in
that part of our work, which has been directed toward the utili-
zation of Illinois shales In ways aside from cement making.
In taking up this phase of the work, we will first describe
our methods for obtaining the data, and then follow this with a
tabulation of the results (Table VI) and a discussion of their
meaning,
A, Experimental Procedure
Microscopic examinations were made on thin sections taken
from three specimens of the Southern Illinois shale, L, E,
Kennedy and T, T, Quirke of the Geology Department kindly examin-
ed these sections for us, Mr, Quirke also examined some of the
Dixon shale in a powdered condition under the binocular microscope
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TABLE VI
Constitution of Illinois Shales
Microscopic
Examination
Gravity (Water(CHgls
Southern Illinois
Fine grained
Finely divided pjrrite
No typical potassium
mineral in quantity
Lighter
5.84
6.10
Heavier
5.75
Dixon Shale
(Northern Illinois)
Coarse grained
Almost a sandstone
Considerable quartz
No typical potassium
mineral
Rational [^^^^par
Analysis \^^^^^
54.50
7.50
33.00
Percent
u
n
Potash Soluble
in Cone. H2SO4 3,10 Percent
0.90
Nitrogen as NH3 0,22 Percent None
Pyritic Sulphur 1,40 Percent
Sulphate Sulphur 0,20 Percent
Free Oil 3.40 Gallons per ton* None
Oil on Distillation 1.20 Gallons per ton None
* An estimate, calculated on the ass\imption that the oil
would have a specific gravity of 0.9
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Attempts at a gravity separation have been made using both
methylene iodide and water.
The method of using methylene iodide was to suspend some of
the ground material in this reagent and then reduce the gravity of
the liquid by adding benzene. A special sample was prepared for
this test. It was ground by hand in a porcelain mortar and at
frequent intervals the finer particles were removed by by the use
of a 100 mesh sieve. The grinding and screening was continued,
however, until the whole sample had been passed through the sieve.
This procedure was taken in order to get a finely divided product
which would be as free as possible from very fine dust. The pre-
sence of very much fine dust in the sample would make aaaspension
which would be colloidal in nature, and little separation would
take place even if constituents of different gravity were present.
By adjusting the gravity of the solution, we were finally able to
cause the sample to remain suspended throughout the whole depth
of the column of methylene iodide. The only visible indication
that any separation v/as taking place, was the appearance of a
small amount of pyrite at the bottom. However, after the sus-
pension had stood for over a month a small layer was found to have
gathered at the top and it was separated and analyzed,
A gravity test using water was carried out by allowing 100
grams of finely ground shale ash to settle through a three foot
column of water contained in a 2-1/4 inch glass tube. The ash
was suspended in three hundred cc. of water and carefully puured
into the top of the tube. About two hours was reciuired for it
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to settle into a cake about three inches thick at the bottom.
The arrangement at the bottom of the tube was such that the water
could be drawn off from above the cake and the cake removed with-
out disturbing any layers that might have been formed in the
settling process. The cake was, however, given several days in
which to become more compact. After the cake had been removed,
it was dried and'samples were taken from the top and bottom portion
and analyzed for potash.
Shale No. 6 from Southern Illinois has been analyzed by the
method of rational analysis. This analysis is supposed to show
the relative amount of clay substance, free silica and feldspar in
a clay or shale. The theory of the rational analysis is that hot
concentrated sulphuric acid will dissolve the bases in the clay
substance and leave the silica that is combined with them in
colloidal form. Sodium carbonate solution will dissolve this
silica, but will not attack the free quartz or feldspaor. The
residue left after treatment with sulphuric acid and sodium car-
bonate is, therefore, the free quartz and feldspar. Alumina is
then determined in the quartz- feldspar residue and the feldspar
is calculated from the alumina factor by multiplying by 5,48. A
detailed description of the method will be found in Mellor's
Treatise on Quantitative Analysis, page 658.
The supposition that the clay substance of a clay or shale
is completely decomposed by sulphuric acid while the feldspar is
not attacked, has led us to use this reagent to determine in which
of these two forms the potash in these shales is held. Our pro-
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cedure has been to boil one gram of shale with 35 oc. of sulphur-
ic acid until about half of the acid has been driven off, then to
cool down, dilute with water, filter, wash, ignite gently in a
platinum crucible and analyze the residue for total potash by the
method of J. Lawrence Smith. The residue could always be quite
completely removed from the crucible, but the decomposition with
ammonium chloride and calcium carbonate was carried out in the same
crucible so that any small particles that might have been left in
it would not be lost in the analysis. The difference between the
potash found in the residue and the total potash content of the
shale would be a measure of the potash in the clay substance. Our
reason for analyzing the residue rather than the solution was that
the solution contained large amounts of sulphuric acid and soluble
bases which would make its analysis difficult.
Nitrogen and free oil determinations have been made on the
Southern Illinois shale. From the nature of the Dixon shale,
there would obviously be no need to look for these constituents in
it. Nitrogen was determined by the Kjeldahl method, using potas-
sium sulphate, copper sulphate and sulphuric acid.
Pyritic sulphur has been determined for the southern Illinois
shale by the method worked out in this laboratory by A. R. Powell
(61) for pyrite in coal. The determination is made by treating
a one gram sample with 80 cc . of nitric acid of a specific gravity
of 1.17 and allowing to stand for four days. The solution is ther
filtered and the sulphate precipitated with barium chloride.
Sulphate sulphur was determined by boiling one gram of the
shale with 300 co. of 5 percent hydrochloric acid for thirty min-
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utes, then filtering and precipitating v/ith barium oliloriie.
In an attempt to show whether the potash in the southern
Illinois shale might be held in some sort of an adsorbed condition
a ten gram sample was subjected to the leaching action of hot
water for a long period of time. The extraction was carried out
in a Soxhlet apparatus and a blank determination was run to check
up on the potassium that would be dissolved from the glass. The
solutions were analyzed after 48, 168 and 388 hours. Since the
data cannot be conveniently included in Table VI, it will be given
here.
Potash Extracted by Water
48 hours .087
48-1S8 hours
.073 %
138-288 hours
.023^
Free oil was estimated by extracting a ten gram sample of
finely ground material with benzene in a Soxhlet for three hours
and evaporating off the benzene on a water bath until about 10
cc, remained. The flask which had been previously weighed was
then put in an oven at 105° and heated until it came to fairly con-
stant weight. The quantity of oil obtainable in this way was not
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sufficient to permit of an examination as to its nature* It
appeared, however, to be a petroleum oil of good quality. It
was not possible to get either the volume or the specific gravity
of the oil. We have estimated the yield in gallons per ton on
the assumption that its specific gravity would be 0.9.
A destructive distillation of the black shale was also made.
500 grams of finely ground shale was placed in a one-liter Pyrex
distilling flask connected with an air condenser. The flask was
surrounded by asbestos paper and heated by means of a one inch
Meker burner. The arrangement was such that at the end of the
distillation a thermometer extending down into the neck of the
flask a little below the side tube showed a temperature of 350© •
The flask was heated gently at first, then more strongly until
at the end of four hours, when no more distillate was coming off,
the temperature of the shale must have been about 450© . Some gas
came off during the first part of the distillation. The distillates
consisted of 5 cc. of a dark brown oil and 16 cc. of water con-
taining some ammonia. The oil was redistilled from a small dis-
tilling flask. Its boiling point ranged from 80 to 360®. The
larger part seemed to boil above 160© .
B. Discussion and Conclusions.
The microscopic examination of the shale was unsatisfactory
because of the very fine grain of the southern Illinois shale
and because of the fact that the friable nature of the Dixon
shale would not permit the preparation of a thin section.
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The southern Illinois shale probably contains small amounts
of muscovite KH2Al3(si04) 3 and occasional grains of feldspar,
but not enough of both to account for all of the potash contained
in the rook.
All that could be determined by the miorosoopio examination
cf the Dixon shale was that it is of an entirely different type
than that from southern Illinois.
Specific gravity tests which were conducted only on the
southern Illinois shale show that there is a slight tendency for
the potash to become concentrated in the lighter material. The
small difference in specific gravity of the constituents of this
shale and its very fine grain size preclude the separation by
gravity of any of its components except pyrite.
The rational analysis has been made singly because it is
the only chemical method that has been workeid out for the esti-
mation of "day substance" feldspar and quartz in a clay or shale.
Mellor states that the procedure may give results of quite wide
variation in the hands of different wrkers even where directions
are followed with greatest care. Although the factors obtained
seem reasonable, we are not inclined to put a great amount of
faith in them.
The solvent action of concentrated sulphuric acid on the
potash of the two shales shows a marked difference in their
constitution. Sixty-two percent, of the total potash content
of the southern Illinois shale is dissolved by this reagent,
while only 15 percent, of that contained in the Dixon shale is
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removed, under the same conditions. This difference in the solu-
bility of the potash in these shales is in agreement with a number
of other solubility tests which we have made, and which are to be
taken up later.
Considering the theory on which the rational analysis is
based, it would seem that the potash in the southern Illinois
shale is largely contained in the "clay substance" or decomposed
part of the rock. At any rate, the mineral which is holding
the sulphuric acid soluble part of the potash must be secondary
in nature. The number of such insoluble secondary potassium
minerals is very limited. Glauconite or greensana is the only
common one occurring in the United States.
On first thought, there seems no possibility that material
of the nature of greensand should occur in these shales, since
greensand, as it is known in the East, is formed by the action of
ferric hydroxide with soluble silica and potassium in the presence
of foraminefera. The following theory of the formation of green-
sand is quoted, from Murray and Renard by Wm. B. Clarke (63):
"The organic matter transforms the iron into
sulphide which may be oxidized to hydrate, sulphur
being at the same time liberated. This sulphur
would oxidize to sulphuric acid, which would decom-
pose clay, setting free colloidal silica, aluminum
being removed in solution. Thus, we have colloidal
silica and hyirated iron in a state most suitable for
their combination. The potash which is necessary
to complete the composition of glauconite may be der-
ived from the decomposed fragments of crystalline
rocks like orthoclase or white mica."
Although the soundness of a theory involving oxidations and
reductions under conditions such as have been indicated may be
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somewhat doubtful, the statement serves, nevertheless, to indicate
that the materials and conditions which must exist where glaucon-
ite is to be formed are iron bearing material, organic matter,
clay and potassium bearing rock. There seeas a good probability
that all of these conditions were fulfilled when the southern
Illinois shale was first laid down. In the shale, as it occurs
at the present time, the ratio of iron to the potassium is small-
er than that usually foimd in greensand. When the iron combined
as pyrite is deducted from the total iron, there remains 3.8 per-
cent for the 3.1 percent of potash which is in Che more easily
soluble form,
Bayley in his "Descriptive Mineralogy" indicates that this
ratio in greensand will be about 10-19 of iron to 7-10 of potash.
However, in view of the very indefinite constitution of greensand
itself, there seems to be no very good reason why the sulphuric
acid soluble potassium material in the southern Illinois shales
might not be considered as of the greensand or glauconite type.
From its lack of solubility in acid, the potassium in the
Dixon shale would seem to be almost altogether in the form of
undecomposed rock of the feldspar type. As a matter of fact,
the microscopic examination of the Dixon shale shows that it had
undergone very little decomposition, and for that reason should
not be regarded as a shale.
Nitrogen was known to be present in the southern Illinois
shale, because of the fact that some ammonia was recovered when
the shale was destructively distilled. The analytical factor
was obtained in order to find out to what extent it was present.
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The nitrogen content was found to be only 0.32 percent, calculated
as NH3. It adds little, therefore, to the value of the shale.
Free oil, although hardly to be expected in material of this
tyj^e, was found to be present in appreciable amounts. The amount
of oil present is not large enough for it to add any value to the
shale. The discovery of its presence in the shale has been of
considerable interest to us, however, since it may possibly be
the explanation for the fact that the potash has not leached from
the decomposed part of the shale as it has in the ordinary clays
and shales.
The oil obtainable on destructive distillation of the shale
is of little interest, A determination was made mainly for the
purpose of adding a little more to the study of the bituminous
part of the shale. It is interesting to note that our value of
1,2 gallons per ton, as well as Mr, Westhafer's (1.7 gallons per
ton) is quite a little less than that which we have been able to
extract.
5. The action of liquid reagents on southern Illinois and
Dixon shales
Our work on the constitution of the southern Illinois shale
has shown that it is not of the ordinsiXy type of potassium
bearing rock. It has also indicated that the shale might be
expected to yield its potash by extraction methods. In order to
determine to what extent the potassium can be dissolved from this
shale by common reagents, a num.ber of them have been tried out
on small samples. Their effectiveness has been determined by
analyzing the solutions quantitatively for potassium, using
perchloric acid. Since the data that had been obtained on the
Dixon shale was not sufficient to warrant our dropping the con-
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si deration of its extraction by such methods, some of these tests
were also applied to feldspar.
The solutions obtained in these extractions contained sodium,
calcium or magnesium chloride; aluminium and iron salts; sul-
phates; and occasionally silica* According to Mellor's Treatise
on Quantitative Analysis, page 237, sulphates, and sodium, calciun
and magnesium chlorides do not interfere vdth the separation of
potas3i\am by the perohlorate method. We have tested out iron and
aluminium salts and find their perchlorates very soluble. Silica,
if present in the solution, would interfere and has therefore been
removed by dehydration. Aside from the removal of the silica and
of the sulphates when present in large amounts by means of barium
chloride, we have simply taken the solutions obtained in leaching
the shales and evaporated them to small volume in porcelain
casseroles, then filtered them into small evaporating dishes and
precipitated the potassium by evaporating with 20 percent, per-
chloric acid. The perohlorate precipitate \ms wahsed wj.th 95
percent, alcohol and weighed on a Gooch cruoille after drying
at 130. Only one determination was made, but in practically
every case, there are related tests which check the accuracy of
the analysis.
Two tests which have been carried out on southern Illinois
and Dixon shale and on feldspar, and one other which has been
applied to the shales only, will be taken up together for purposes
of comparison. These tests were as follows:
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(a) Five grams of finely powdered rook was treated with
1 cc . of concentrated sulphuric acid and heated gently in a plat-
inum crucible isntll the excess of acid had been fumed. off . In
the case of the southern Illinois shale the ash was used. The
residue was then disintegrated with hot water and washed until
a filtrate of 300 cc. had been obtained. The solution was ana»
lyzed as indicated above.
(b) Five grams of rook was placed in a Carius bomb tube
with 20 cc. of concentrated hydrochloric acid. The bomb was
sealed and heated in an electric tube furnace at 300® for 10
hours. The bomb was then cooled in the furnace, removed, opened
and its contents rinsed out into a casserole. It was evaporated
Just to dryness in the casserole ani then taken up with a little
water and a few drops of hydro diloric acid and filtered into a
small evaporating dish. The analysis was then completed in the
ordinary way.
(o) Five grams of rook were boiled with 25 cc. of con-
centrated hydrochloric acid for one hour. The analysis was then
carried out aa in '(b). In the following tabulation, the percent,
of potash extracted as referred to the weight of the sample is
given.
Potash Dissolved by Acids
So. 111. Shale Dixon Shale Feldspar
Cone. H2SO4 3.1^ .0^ .3Sfo
Cone. Hfll at 200o 0,^0 1.13^ .57^
Boiling Conc.HCl 3.lf^ .83^
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These data show that in the case of the southern Illinois
shale that the limit of extraction with acid under conditions
that CDUld be maintained in a commercial process is about 3.1
percent. KgO. Even such vigorous treatment as that of hydro-
chloric acid at SOOo fail^^s to increase very materially this
amount of extraction. The data on the Dixon shale sripports
further our contention that it is entirely different and much
more stable than that from southern Illinois,
(d) Effect of Acid Concentration.
In order to determine the amount of potassium that could be
extracted from the southern Illinois shale by 'mter and by lower
concentrations of acid, a series of determinations was made using
water and six different concentrations of hydrochloric acid. In
this test ignited shale -^ra-s used. Hydrochloric acid was used
rather than sulphuric, since the resulting solutions were more
easily analyzed and the action of either acid would probably be
the same except at high concentrations were the higher temper-
ature attainable with sulphuric acid would become a factor. The
determinations were carried out by boiling 2 gram samples with
100 cc. of acid for 3 hours. The solutions were analyzed by the
methods already described.
Potash Dissolved by Water and by Hydrochloric Acid at
Different Concentrations
KgO in percent, of the
weight of the sample
Water .25
2.3 percent. HCl 1.30
(continued above)
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4.4 percent . HCl 1.60
6.6 n n S.30
8.9 n n 3.45
11.0 n n 3.95
37.0 n Cone
•
3.10
The conclusion to be drawn from this series of exj-eriitents
is that although more than a slightly acia solution is required
to effect the solution of much of the potash, the limit of acid
solubility which seems to be 3.1^ is approached when acid con-
siderably weaker than concentrated hydrochloric is used. At any
rate the amount of potassium brought into solution under the'
most favorable conditions is not large enough when the necessary
leaching and evaporating pp^arations are considered, to warrant
our continuing much further along this line of attack.
In order to get an estimate of the efficiency of a process
in which only the acid which actually combined with the shale
would'be lost, an experiment suggested by Professor Noyes was
performed. One hundred grams of raw shale was treated in a
distilling flask with 300 grams of sulphuric acid and the excess
acid distilled off and collected. At the same time the residue
in the flask was leached and the solution analyzed for soluble
potash.
In carrying out this experiment the arrangement was the
same as that used in the destructive distillation of the shale.
(e) Efficiency of Sulphuric Acid Extraction.
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The air condenser dipped dovm into water in a 2~liter volumetric
flaak. It was not possible to drive all the acid from the shale,
but the quantity that remained was determined by titrating the
leached solutiont The acid was estimated in the distillate by
diluting that which had been collected to 2 liters and then
titrating to 10 cc . portions after boiling them in order to expell
sulphur dioxide, in leaching the residue about 750 cc, of hot
water was used. For the estimation of the potassium and the acid,
aliquots were taken from this solution after it had been diluted
to 1 liter.
Action of Sulphuric Acid on Southern Illinois Shale.
Amount of shale 100 grams
Amount of H2SO4 used 300 grams
K2O extracted 3.0 percent.
H2SO4 in distillate 15.7 grams
HgS04 in residue 36.7 grams
H2SO4 lost 247.6 grams
The amount of sulphuric acid destroyed when raw shale is
treated in this way is found to be almost equal to 2.5 times the
weight of the shale used. It was knc/m that this loss would be
considerable, due to the fact that all of the organic matter in
the shale wo'uld have to be oxidized at the e3{pense of the sul-
phuric acid, but we did not anticipate that it would be so large
as our results indicate.
(f) Oxidation of Pyrite.
In our review of the literature, we have discussed the
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preparation of aluminium sulphate from carbonaceous shales con-
taining pyrite
,
by a method which depends upon the spontaneous
oxidation of the pyrite to ferrous sulphate and sulphuric acid,
and the subsequent reaction of these reagents on the shale.
This ssime procedure would seem to be directly applicable to the
southern Illinois shale, but unfortunately the weathering oper-
ation could not be carried out experimentally. The question has
naturally come up as to whether the oxidation of the pyrite might
not be brought about by some more rapid method. To this end
two e:qperiments have been undertaken. In the first test a
funnel was placed inverted in a two liter beaker and one kilo of
200 mesh shale poured around it. Air was blovm into the mass
through the funnel for four weeks. Before being passed into the
shale, was washed by passinc?; through a solution made by di-
luting one volume of concentrated nitric acid with ten of water.
We thought that in this way traces of nitric acid would be carried
over -ffith the air which might have a catalytic action in promot-
ing the oxidation.
The second test consisted in blowing air and steam into one
kilo of the shale for four hours. At the end of this operation
the water which had collected in the shale was evaporated off
and the residue was crushed up, sampled and dried. This product,
was well as that obtained in the previous experiments, and a
sample of the untreated shale was analyzed for sulphate. The
analysis was carried out by boiling 2 gram samples with 200 cc
.
of 5 percent, hydrochloric acid, filtering and precipitating
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with bari\im chloride.
Oxidation of Pyrite
Percent* SOo
Untreated .5^
Blown with air and HNO3 .4"^
Blown with air and steam ,5&fo
These results show that no oxidation of the pyrite takes
place under this treatment,
(g) Other tests.
A number of other tests using various liquid reagents have
failed to add anytMng to what has been given*
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6. The action of solid reagents on shales.
The amount of data that has been obtained relating to the
action of solid reagents on these shales is very meager. The
reason that more work has not been done along this line is that
the methods that have been proposed have all been for the utili-
zation of feldspar and it has seemed that the shales should
yield to less vigorous treatment.
Following up the results that have been obtained by the
use of hydrochloric acid at high temperatures, we have investi-
gated the properties of magnesium chloride.
When hydrated magnesium chloride is heated, it hydrolizes
slowly with the evolution of HCl. A preliminary test has shown
that HCl is still being evolved when the salt is brought slowly
to a low red heat. It would be of theoretical interest at least
to know whether the shale would be attacked by the hydrochloric
acid as it is evolved at these elevated temperatures. There is
the further possibility that partially dehydrated magnesiiim
chloride might be used to replace the ammoniian chloride used in
the J. Lawrence Smith method for analysing silicate rocks. Two
experiments have been performed to test out these theories. At
the time v/hen these ideas occurred to us, we were working on the
Dixon shale and consequently it was used in the tests. The
results would have been of greater interest if the southern
Illinois shale had been used.
The first t€st was made by partially dehydrating three
grams of MgClg. SHgO and then mixing it by grinding with five
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grams of shale. The mixture was heated in a shallow porcelain
dish, hoat o d ' gently at first and then more vigorously until
finally the bottom of the dish was atta low red heat. At this
time a small amount of HCl was still being evolved. The heat-
ing was continued for about a half hour and then the product
was cooled and leached with 200 cc. of hot water. The solution
was analyzed by the perohlorate method.
To determine the action of magnesium chloride in the presence
of calcium carbonate one gfam of partially dehydrated magnesium
chloride was substituted for the ammonium chloride and the deter-
min8.tion carried out exactly as by the J. Lawrence Smith method.
The reason for partially dehydrating the ipagnesium chloride
used in these tests was that it was rather wet and could not be
easily mixed with the other ingredients. The following data
were obtained:
Action of Mgda on Dixon Shale
KaO Extracted
MgClg 1.56
MgCls 2< CaCOg 1.13
From these results it is obvious that potash could not be
extracted commercially from the Dixon shale by means of these
reagents. It is of theoretical interest to note that the
amount of potash made soluble by MgClg and CaCOg is the same as
has been obtained bv the action of hydrochloric acid at 200o .
The effectiveness of the extraction process patented by
Cuahman and Coggesshall (33) which has been taken up. in our
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review of the literature has been tried out on a 100 gram sample
of ash from the southern Illinois shale #
For this purpose, 100 grams of ash was mixed by grinding
in a mortar with 20 grams of salt and 20 grams of lime. By-
sprinkling the powdered material with a solution containing 20
grams of calcium chloride and shaling, the mixture was formed
into pellets similar to thosa obtained by the authors of the
patent. These pellets, along with a small amiount of fine material
which could not be gathered up, were heated on a roasting dish
in a muffle for two hours. T'be temperature was maintained at a
low red heat. After heating, the pellets were crushed up and
the powder leached with 7 50 cc. of hot water. The solution was
made up to 1 liter and 10 cc. portions taken and analyzed by
the perchlorate method.
Potash dissolved 2.4 Percent.
We see no reason why this shale ash should be less effect-
ively extracted than feldspar by this method. However, the
results of this single test indicate that only about 43 percent,
of this total is made soluble, whereas the authors of the patent
claim to have obtained 55 percent, extraction using feldsp.ar.
Although a more careful study of the conditions might make it
possible to obtain an extraction of 55 percent., it is not prob-
able that the method could be made to dc much better. In that
case, it would have little interest from a commercial standpoint.
\J
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?• Action of lims under steam pressure.
The action which lime under steam pressure would have on
these shales has "been studied by way of following up other work
which has been done in this laboratory on the reaction of this
reagent on feldspar.
In our review of the literature we have taken uj) the pre-
vious work of Ross and Charlton. Although the results obtained
by Roman (43) in this laboratory indicate that only 35 percent,
of the potash in a feldsf)ar can be dissolved by lime at moderate
pressures, Ross (44) h&s found that as high as 85 percent, of the
total may be taken out in this way. Charlton (46) has used lime
to good advantage on green sand.
In our work on the action of lime, we have been most inter-
ested in determining whether or not the southern Illinois shale
might be more easily attached than feldspar.
In ail, five determinations were made. Baker's pure lime
from marble was used and was prepared for use in the tests by
slacking with enough water to make a fairly thin paste. In the
three cases where on gram samples were used; the whole sample
was leached after treatment with 200 cc. of hot water, and the
solution analyzed for potash using chlorplatinic acid. In case
of the determinations where a larger amount of material was
treated, a proportionally larger amount of water was used in
leaching and aliquot parts of the solution were analyzed in
duplicate. The heating pressure was carried out in an autoclave
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of about 3 liters capacity, heatsd by means of a Bunsan burner.
The autoclave was fitted with a thermometer vnell and a pressure
gauge. The samples were not placed in the bottom of the auto-
clave, but were contained in a porcelain dish supported on a
wire frame above the water which filled the autoclave about one
fourth full. This dish was found to be only slightly attacked.
The test at atmospheric pressure was carried out by slack-
ing GOO grams of lime in 3500 cc. of water and then stirring
this \J£> with 500 grams of shale. The batch was contained in a
five liter flask and a stirring device was used to bring about
vigorous and continuous agitation. The mixture was kept boiling
gently for eight and ten hour periods, aggregating about 48
hours in all. Water was added to replace that lost by evapor-
ation. The washing of this 500 gram residue presented some
difficulty. Our method af accomplishing; it Tias to filter on a
Buchner and then wash the cake by beating it up again with about
two liters of hot water and then filtering again. The original
filter cake was washed twice in this way. The reason for using
1.85 grams of lime in three of the tcssts was that this amount is
just a little more than would be used in making cement of this
shale
•
Action of Lime on Southern Illinois Shale.
Shale
Grams
Lime
Grams
Time
Hours
Pressure Potash Percent.
Atmospheres Dissolved Of Total
500 500 48 1 0.65 13.0
1 1.85 1 10-11 1.80 31.3
(continued above)
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1 1.85 3 10-11 2.10 37.8
1 1.85 4 10-11 2.50 44.6
10 37.00 5 10-11 2.60 45.3
These data show that lime under steam pressure is probably
not more effective in dissolving the potash than a number of
reagents that we have used, and that the shale is probably not
much more easily attacked than feldspar.
at atmospheric pressure indicated
Observations made durins; the test^that a reaction was
taking place. After about tv?enty-four hours heating, the mixture
seemed to be getting less granular and appeared almost curdy.
The analysis does not show, however, that much potash was taken
into solution.
The results of the tests where steam pressure was used
show that most of the potash which can be dissolved with lime
is taken out in the first hour. The last test in which 3,7
times as much lime as shale was used shows that the larger pro-
portion of lime does not increase the amount of potash dissolved.
A probable explanation for the fact that lime is not more
effective in decomposing this material lies in the fact that
when the lime begins to react \2p0Ti a rock particle, a coating
of colloidal hydrous calcium silicate forms over its surface,
consequently no further reaction takes place. Microscopic exam-
inations Unade by Earnest (40) indicate that the calcium silicate
formed under these conditions is colloidal in nature. F..W. Clark
(59) has made some observations of the action of water on feld-
spar which point in the same direction. He has found that water
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reacts almost instantly with finely powdered feldspar and be-
comes alkaline in reaction, but that the reaction comes to a
complete stand still very quickly. However, when such material
is subjected to the combined action of water and grinding, the
reaction continues and a small amount of kaolin-like material is
obtained. He also explains this phenomena bv saying that a
coating of colloidal silicic acid is formed.
It is evident that mere agitation is not sufficient to
keep this coating removed from the rock particles, since the
stirring arrangement used in the test carried out at boiling
ten5>erature was certainly as efficient as one could desire, and
the boiling was continued lon^ enough to permit of a complete
reaction.
A procedure that would seem to give greater promise of
success than the ones that we have tried would be one in which
a grinding action accompanied the action of lime and steam. The
operation could probably be carried out in a rotating steel drum,
provided with axile inlets for steam and a charge of steel balls
or rods to effect the grinding as the drum is rotated.
The residue which would remain after the treautment of the
shale in this way might be used as a binder for sand lime brick,
as in the process where greensand is used. The potash material
obtainable in this way would be fairly pure potassium hydroxide.
A general conclusion which may be drawn from the results
of cur work on the extraction of potassium from these shales by
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acids, solid reagents, and lime is that it is not commercially
practical because of the incomplete solution of the potash and
because of the difficulty in washing out and recovering the
soluble salts from the residue.
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8. Plant availability of potash in shales
The results "being obtained from the experiments conducted
by Professor Stewart already referred to (page 38) indicated a
remarkably high plant availability of the potash in the southern
Illinois shale.
It has already been sham that about two-thirds of the
potassium in the southern Illinois shale is, like leucite, soluble
in sulphuric acid, and that the Dixon shale yields only about 16
percent of its potash by this reagent. Here, then, is afforded
an opportunity for testing the availability of the sulphuric acid
soluble potash for plant use. The ^7ork of a number of investi-
gators has shown that plants can get potassium from relatively
insoluble minerals. Mr. DeTurk (52) has reviewed the literature
and has offered the results of his own work which shows that
leucite is one of these insoluble minerals which yields its pot-
ash readily to plants.
It has seemed of interest, therefore, to try to determine
whether or not the sulphuric acid soluble potash in the shales
was a measure of the availability of this element in plant growth,
At the same time, it would be interesting to determine whether
or not the bituminous part of the shale had any part in stimulat-
ing plant growth, and also to verify the results obtainable with
the southern Illinois shales from different outcrops. With the
assistance of Professor Stewart, who has kindly granted us the
use of materials and also of space in the Agronomy Greenhouse,
we have obtained some interesting qualitative results bearing on
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these points.
The relative plant availability of the potash in the follow-
ing material has been determined.
1. Kainite
3. Shale extracted with sulphuric acid
3. Potassium carbonate absorbed in clay
4. Southern shale ignited
5. Shale from Caney Creek deposit
6. Shale from State Pond deposit
7. Dixon shale
In the preparation of these materials for use in the tests,
the raw shales were simply ground to 100 mesh. The ignited
material was obtained by burning the carbonaceous matter from 100
mesh raw shale at a low red heat. The extraction of the southerr
Illinois shale with sulphuric acid presented some difficulty,
since it was very difficult to wash the residue free from sulphiir-
ic acid. However, a fairly satisfactory product was finally
obtained. Its acidity was determined by shaking a ten gram
sample with hot water, diluting to 500 cc. and titrating portions
of the supernatant liquid after the precipitate had quite com-
pletely settled. The acid in one gram of the shale required ,4
cc. of 3/lON KOH which is equivalent to .0039 grams of sulphuric
acid. This amount is equivalent to .0040 grams of limestone.
It has been calculated that for the amount of material used in
one of the pots, that .32 grams of limestone would be required
for its neutralization. Since the amount of limestone added
II
I.
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i
I
i
j
I
I
i
I
i
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to the pots was 60 grams, it would not seem that the acid left
in the shale should interfere.
The test in which clay and potassium carbonate was used was
carried out in an attempt to verify the theory that clay might
be made to absorb or adsorb potassium salts to produce a material
similar in nature to the southern Illinois shales. The test has
been so unsatisfactory that little discussion of our procedure
is necessary.
Gurry and Smith (60) and others have found that ordinary
soil and especially clay takes up soluble potassium salts and
makes them completely insoluble in water. We have attempted to
incorporate some potassium carbonate into a Tennessee ball clay,
but were unable to cause much potassium to remain with the clay
or to be sure that the excess of water soluble potassium had
been completely removed. A product containing 3,2 percent of
potassium as against about 0.7 percent in the original clay was
obtained. A determination of water soluble potash was made by
washing a 2 gram sample of the final dried product with 200 cc.
of hot water. The amount of water soluble potash was found to
be 0.35f^.
Buckwheat was used as the crop on which to try these
materials, since it has proved in Professor Stewart's work to be
rather sensitive to varying conditions of potash in the soil.
Peat was used as the soil in which to grow the plants since it is
characterized by a deficiency in potassium and has also been used
by Professor Stewart.
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The preparation of the pots was done under the direction
of Mr. Anderson, who has assisted Professor Stewart in his work.
Sixteen pots were prepared using eight different treatments in
duplicate. The pots were numbered consecutively from 1 to 8.
The duplicate pots were designated by the letter "A" following
the number.
It was found that seven kilos of the fresh peat would be
about the right amount for the four gallon jars used, so that
amount was weighed out in a tin box which was large enough to
permit of the thorough stirring of the peat in it. Sixty. grams
of lime was added in all cases. After this there was added to
each pair of pots the different potassium materials in amounts
equivalent to 1.34 grams of the element potassium. The lime-
stone and potash material was very thoroughly mixed with the
peat after which it was placed in the jars, wet down thoroughly
and planted on March 5th, 1920, When the plants were out of
the ground, they were thinned so that about twelve remained in
each pot. Notations as to the appearance of the series were
made on March 30th and on April 14th. Photographs of the pots
were taken on April 29th,
The treatment accordedthe different pots and the numbers
assigned to them are given on the following page. Pots marked
lA, 2A, 3A, etc. are duplicates of those marked 1, 2, 3, etc.
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Treatment of Test Pots
jroi/cisn MgLxeriaj. Amount (
J. ctliU. xii ^cnecKS / None
r>a a.IlCL on. ou Kainite 10,5
3 and 3A 60 Shale extracted
with H2SO4
56.5
4 and 4A 60 Clay and K3CO3 73.0
5 and 5A 60 Ignited So. 111. 29.0
6 and 6A 60 State Pond Shale 33.0
7 and 7A 60 Caney Creek Shale 33.5
8 and 8A 60 Dixon Shale 33.0
On May 30th, four weeks after planting, the plants had
grown to an average height of eight inches and there was no wide
variation from pot to pot. The Caney Creek, State Pond, Dixon
and ignited shales were all doing about the same. They were
showing a little faster growth than the checks, but were not
doing so well as the kainite. The extracted material at this
time was showing poorer growth than the checks.
Notations made on April 14th, six weeks after planting, show
that the plants ranged in height from 20 to 33 inches. At this
time, the Caney Creek and State Pond shale and the kainite pots
were all showing about equal growth. The plants growig in the
ignited southern Illinois shale were probably doing a little
better than any of the others.
The Dixon shale at this time was doing little or no better
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than fche checks.
The sulphuric acid extracted material had overcome to some
extent the backward growth that had been observed on May 30th,
but was still a little poorer growth than the checks.
The pots were photographed on April 39th, with the pots
arranged in such a way as to bring out the different facts which
they are intended to substantiate.
Plate III shows all of the pots and serves to show the
uniformity in growth between the duplicates. The pots in the
lower photograph are the rtuplicates of those bearing the same
number in the upper one.
Plate IV shows the relo.tive availability of the southern
Illinois shale, either raw or ignited, compared with kainite.
Plate V shows the relative merits of the southern Illinois
shale as compared with that from Dixon.
Plate VI shows the relative inavailability of the potash
in the Dixon shale and also that remaining in the southern
Illinois shale after extraction with sulphuric acid.
The conclusions to be drawn from the results of these pot
tests are;
1. The high potash shales of the type occuring in southern
Illinois seem to be alike as regards the availability of their
potash content,
2. Ignition of the southern Illinois shale may increase
slightly the availability of its potash content.
3. The potassium in the Dixon shale is not available.
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4. Sulphuric acid, removes the available potash from the
southern Illinois shales and makes it seem probable that it is
only the acid soluble potash which is held in the decomposed rock
or clay substance which is available to plants.

8G
PLATE III
1 3 3 4 5 6 7 8
Gheok Kainite HgSO*
,
K2CO3 Ignited State Caney Dixon
Extracted in Shale Pond Creek Shale
Shale Clay Shale Shale
COMPLETE SERIES OF TEST POTS

PLATE IV
C01\iPARIS0N OF KAINITE AND SOUTHERN ILLIIJOIS SHALE

PLAl'E V
,
COl'IPARISON OF SOUTHERN ILLINOIS AND DIXON SHALE

TABLE VI
13 8 3
Check H2SO4 Dixon Kainite
Extre^oted Shale
SOUTHERN ILLINOIS SHALE EXTRACTED WITH SULPHURIC
ACID COICPARED WITH DIXON SHALE
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V CONCLUSIONS
1. Shales oocur in at least two localities in this State
which contain five percent or more of potash^
3, Shale outcropping in several places near Jonesboro in
Union County which contains five percent of potash would be suit-
able, so far as can be determined from its chemical composition
and physical character, for use in the manufacture of Portland
cement
.
3. By using this material in the manufacture of cement and
by applying the known methods of potash recovery, a yield of 5.3
pounds of potash, representing a value of 70-80 cents, per barrel
of cement could be obtained.
4. The constitution of the southern Illinois shale is com-
plex. The shale contains free oil, bituminous matter, pyrite,
undecomposed potassium bearing rock,' feldspathic in character, and
potassium bearing material of the nature of glauconite or green-
sand.
5. Shale from Dixon contains 5.8 percent of potash which
is held for the most part in a more stable combination than that
in the southern Illinois shale.
6. Extraction of the potassium from shale of either the
southern Illinois or Dixon type is impracticable, because of the
incomplete reaction of these reagents on the shale and because
of the cost of leaching and recovering potash from material where
it is present in such small amounts.
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7. The plant availability of tbe potash in the southern
Illinois shale is probably characteristic of all of the material
of this type outcropping in that locality.
8. That part of the potassium in the southern Illinois shale
which is soluble in sulphuric acid, is shown to be in a combinat-
ion of the glauconite type.
9. In southern Illinois shale having a potash content of 5.0
percent in the raw condition or 5.S percent when ignited, 62 per-
cent of the total potash is glauconitic in character and is avail-
able as a plant food.
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